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β Nt×N3s #traj mud/mLCPud mud/mLCPud in[6]
3.45 32×243 1500 1 3,5,7,9
3.55 32×243 3000 1 3.5,5,7,9
3.67 48×323 1500 1 4,6,7.5,9.5
3.75 48×403 1500 1 4,6,8,10























β 3.45 3.55 3.67 3.75 3.85
a(mπ)[fm] 0.2832(2) 0.2193(1) 0.1548(2) 0.1267(2) 0.1002(1)
a(mK)[fm] 0.2782(2) 0.2153(1) 0.1524(1) 0.1246(1) 0.0991(1)
a(fK)[fm] 0.286(2) 0.217(1) 0.153(1) 0.123(1) 0.097(1)
a(avg)[fm] 0.2824(6) 0.2173(4) 0.1535(3) 0.1249(3) 0.0989(2)





























































































































































































































































































































∆χ¯ψψ/T4 ∆χ¯ψψ/T2 ∆χ¯ψψ ∆l,s L χs
thiswork 146(2)(3) 152(3)(3) 157(3)(3) 155(2)(3) 170(4)(3) 169(3)(3)
ourwork’06 151(3)(3) - - - 176(3)(4) 175(2)(4)
RBCBC - 192(4)(7) - - 192(4)(7) -
Table3.Continuumextrapolatedtransitiontemperaturesatthephysicalpointfordifferentob-
servablesandindifferentworks.Seethetextforexplanation.
Inthesecondlineweprovideourpreviouslypublishedresultsfrom2006[6]. Our
laticeresultsareincompleteagreementwithourearlierfindings,thereasonfortheap-
proximately5MeVshifttolowerTcvaluesisalmostcompletelyduetothechangeofthe
experimentalvalueoffK providedbytheParticleDataGroup(155.5MeV[14]insteadof
159.8MeV[15]). WithoutthischangeintheinputparameterthechangeoftheTcvalues
wouldbeaboutorlessthan1MeV.
Wealsoincludeintothetablethecombinedphysicalquarkmassandcontinuumextrap-
olatedestimatesoftheRBC-Bielefeldcolaboration(RBCBC)[2].TheRBCBCdidnotuse
renormalizedquantities,furthermorethetransitiontemperaturerelatedtothePolyakov
loopisdeterminedfromthepeakpositionofthePolyakov-loopsusceptibility,whichis
differentfromourdefinition.Thesedifferencesareexpectedtobesmalcomparedtothe
statisticalandsystematicuncertainties.Thediscrepancybetweenthetemperaturevaluesof
thetwocolaborationsisworryinglylarge,asitwasalreadyemphasizedintheIntroduction.
4 Conclusions,outlook
Wehaveimprovedourpreviouscalculationsonthetransitiontemperature[6]bythree
means.Firstofal,thesimulationsforourzerotemperatureanalysishavebeendonewith
thephysicalvaluesofthequarkmasses.Secondly,weextendedourhadronspectrum,decay
constants,quarkmassandstaticquarkpotentialmeasurements.Asathirdimprovement
wehavedecreasedthelatticespacingatfinitetemperaturebysimulatingNt=12lattices
(andNt=16atonepoint).
ForthefirsttimeintheliteratureweperformedboththeT=0andT>0analysesby
simulatingdirectlywithphysicalquarkmasses.Thisprocedureeliminatesaluncertainties
relatedtotheextrapolationtothephysicalmasses.Theanalysisconfirmsthattheuncer-
taintyofourscaledeterminationislessthanabout2%. Moreover,alspectralquantities
areconsistentwithexperimentsand/orpreviouslatticecalculations. Thisindicatesthat
thefinitetemperatureresultsareindependentofwhichquantity(Ω,K∗orΦmass,orthe
piondecayconstant)wechoseforscalesetting.
Atfinitetemperaturewedeterminedthetemperaturedependenceofseveralrenormal-
izedquantities.Asagenericfeatureofanycrossover,thetransitiontemperaturesobtained
fromdifferentquantitiesaredifferent,theyrangefrom146to170MeV. Wehavetoempha-
sizeagainthatthesenumberscorrespondtoaninfinitevolumesystem.Asanexploratory
studyinquenchedQCDshows[7],forthetypicalvolumesandboundaryconditionsreal-
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izedatheavyioncolisions,thetransitiontemperaturescanbeupto30MeVhigherthan
theinfinitevolumevaluespresentedhereandusualyintheliterature.
Thenewresultsatfinitetemperatureareingoodagreementwithourpreviousfindings.
Note,however,thatinthelast2.5yearsParticleDataGrouphasreducedthecentralvalue
offK byabout3%,whichreducesourTcvaluesinphysicalunitsbythesameamount.
Thelatticespacingsusedinthisworkaresmalerthaninanypreviouslatticestudy.As
aconsequence,thelatticeartefactsseemtobesmal,thereareevenquantities,wherethe
artefactsarenotsignificantatal.
Wehavetakenacloserlookatthedisagreementbetweentheresultsofcurrentther-
modynamicalcalculations. Weseeapproximately20−35MeVdifferenceinthetransition
regimebetweenourresultsandthoseofthe’hotQCD’colaboration.Thisdifferencecanbe
observedbetweenthetemperaturedependenceofthecurvesforalthequantitiesthatwe
havecompared:thelightquarkchiralsusceptibility,renormalizedchiralcondensateand
thestrangequarknumbersusceptibility.Findingthereasonforthisdisagreementseems
tobeataskforthefuture.
Asafinalremarkwehavetomentionthatthestaggeredformalismusedinthiswork
andalotherlargescalethermodynamicsstudiesmaysufferfromtheoreticalproblems.To
dateitisnotproventhatthestaggeredformalismwith2+1flavorsrealydescribesQCD
inthecontinuumlimit.ThereforeitisdesirabletoalsostudyQCDthermodynamicswith
atheoreticalyfirmlyestablished(e.g. Wilsontype)fermiondiscretization.
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